Each weed species has unique characteristics that influence weed emergence patterns, weed seed bank degradation, growth rates, and efficacy of various herbicides. Knowing these characteristics when developing a weed management plan can improve weed control considerably and save time and money. Giant ragweed and waterhemp have drastically different emergence patterns, which adds difficultly in obtaining excellent weed control in a field with both weeds, especially with herbicides alone. This presentation will discuss specifics of how weed management plans can be improved by incorporating knowledge of weed biology to manage herbicide-resistant weeds, with a primary focus on improving control of giant ragweed and waterhemp.
Weed emergence patterns
Weed emergence is driven by a number of factors that vary by weed species, and include temperature, light, nitrogen, and/or chilling period.
Giant ragweed
Giant ragweed is one of the earliest emerging weeds, with an emergence period of only several weeks (Figure 1 ). Soybean planting date can have a significant impact on giant ragweed density when soybean are planted following preplant tillage (Figure 1 ). Trials conducted in southeastern Minnesota have shown that delaying soybean planting until mid-may or later can remove over half of the total giant ragweed that emerge during the season. Soybean yield potential is still over 94% of optimal with a mid-may planting date, according to long-term research conducted in Minnesota (Hicks and Naeve). A later planting date has the added benefit of a much smaller giant ragweed population to control postemergence (Figure 1 ). In contrast, soybean yield potential of an early-may planting date will be close to optimal assuming weeds are controlled; however, pre-plant tillage removes less than 8% of the total giant ragweed with preplant tillage prior to an early planting date. Pre-plant tillage can be an effective weed control tool, especially when planting is delayed. Flushes of earlyemerging weeds, such as giant ragweed, common lambsquarters, and winter annuals, can be taken out with pre-plant tillage as long as tillage is aggressive enough to destroy the weeds, and not just uproot and transplant them.
Waterhemp
Waterhemp has an emergence pattern that contrasts with the emergence pattern of giant ragweed. Waterhemp emerges later in the season, typically emerging over an eight to ten week time period. This is why residual herbicides, or the layering of residual herbicides (e.g. an application at planting and then 30 days later) is recommended for control of waterhemp (Figure 2 ). Delaying the planting date and preplant tillage may not be an effective strategy to control waterhemp with preplant tillage as it is for giant ragweed, but if both weeds are found in the same field the delayed tillage and planting can remove the majority of giant ragweed, allowing postemergence weed control to more-so target waterhemp. A delayed planting date may also allow the residual herbicide applications to be made late enough that control is extended through the entire waterhemp emergence period. 
Managing the weed seed bank
Seed production of weeds can vary significantly by species. Giant ragweed, for example has been found to produce from 1,800 to 10,000 seeds/plant, while waterhemp can average over 350,000 seeds/plant. Although competition with other plants can reduce seed production per plant, dense weed populations have the potential to produce tremendous amounts of weed seed. Considering that weed seeds can remain viable in the soil for years, one year of poor control can lead to significant weed control challenges for years to come.
Common lambsquarter is a long-term survivor in the weed seedbank, taking 78 years to deplete 99% of the seedbank (Sprague 2013) . In contrast, research conducted in southeastern Minnesota demonstrated that the giant ragweed seedbank could be 97 percent depleted in two years (Goplen et al. 2017a ). The waterhemp seedbank can be depleted by more than 99 percent in 4 years (Steckel et al. 2007 ). These results show that populations of giant ragweed and waterhemp could be dramatically reduced if weed populations are managed intensively and seed production is prevented for 2 to 4 years, respectively.
Roguing weed escapes prior to seed production can help prevent replenishment of the seedbank. Species vary in how long it takes to form viable seed. Research by Bell and Tranel (2010) found that waterhemp could form viable seed 7 to 12 days after pollination. Seeds may also still mature on pulled plants if the plant pollinated before pulling. Regardless, NOT running the combine through a weed patch will help limit the spreading of weed seeds throughout the field. Also, manage weeds along field edges to help prevent buildup of the weed seedbank.
Incorporate sound agronomic tactics
Ensuring the crop is as competitive as possible (e.g. adequate fertility, planting population, and disease and pest control) and canopies as early as possible can help enhance weed control. Narrow rows, expanding crop rotations, and cover crops have the potential to aid in weed control as well.
Cultivation is another effective tool, allowing you to remove weeds without setting back the canopy as some postemergence herbicides can, leading to faster canopy closure and a more competitive environment for weeds. Cultivation was evaluated in Minnesota in 2015 and 2016 to evaluate its control of herbicideresistant waterhemp. A preemergence application of Boundary (1.95 pt/acre) was followed by either Liberty (29 fl oz/acre) or mechanical cultivation. In 2016, final waterhemp control was significantly better with the Boundary/Cultivation treatment (98%) compared to the Boundary/Liberty program at 89 percent ( Table  2 ). The soybean canopy also closed sooner where cultivation occurred, so waterhemp that emerged under the canopy in July after cultivation did not survive. No differences in yield were observed among the treatments. Similar results for weed control, canopy closure, and soybean yield were found in 2015. 
